The methanolic extract of the flower of Bombax ceiba was found to show protective effects on cytotoxicity induced by benzo[a]pyrene (BaP) in HT1080 cells. We therefore tried to examine and estimate the active constituents. We isolated 16 compounds from the extract, including four butyrolactones and two ascorbic acid derivatives, as well as mangiferin. Among the isolated compounds, a butyrolactone derivative, (-)-loliolide, and two flavonoids, kaempferol 3-O-β-Dglucopyranoside and quercetin 3-O-β-D-glucopyranoside, protected the cells against the BaP-induced cytotoxicity. Quercetin, the aglycone of one of the active constituents, showed a weaker effect than its glycoside. This is the first report of the protective effects of the methanolic extract of B. ceiba and its constituents on BaP-induced cytotoxicity.
Bombax ceiba Linn. (Family Malvaceae) is commonly called semal, shimbal (in Hindi), and red silk cotton tree (in English) [1] . Its stem bark contains lupeol, shamimicin, flavonoid glycosides, sterols, terpenoids, naphthol, hemigossylic acid, and lactone-7-methyl ether [2] . Shamimin (C-flavonol glucoside) isolated from B. ceiba showed significant hypotensive and hypoglycemic effects and was found to be safe in mouse [3] . Mangiferin isolated from the methanolic extract of B. ceiba leaves was reported to show strong antioxidant and hepatoprotective effects [4] . In Ayurvedic medicine, B. ceiba is generally recommended for use in vitiated conditions of vata, pitta, and kapha and removes pitta and kapha [5] . On the other hand, the potent free radical scavenging [6] , anti-inflammatory, hepatoprotective [2, 7] , and anti-cancer cell growth [8] activities of this herb were reported. In addition, lupeol inhibited PTP-1B protein and lead to accumulation of lipids in adipocytes [9] . Some flavonoids, xanthones, and coumarins were reported to be isolated from this plant [10] . However, there is not enough reports of the flower of B. ceiba. Therefore, in this study, we tried to isolate the constituents in the methanolic extract of B. ceiba flower and examined their protective effects on the cytotoxicity induced by benzo[a]pyrene (BaP) in HT1080 cells.
BaP, one of the most potent carcinogens, is listed as Group 1 carcinogen by the International Agency for Research on Cancer (IARC). BaP is metabolized into BaP-7,8-diol-9,10-epoxide (BPDE) by cytochrome P450 (CYP) enzymes. By forming a covalent bond with DNA, BPDE induces DNA damage that could further lead to gene mutation [11] . Previous research indicates that BaP induces other toxic effects in target cells, such as oxidative stress. For example, BaP metabolites are involved in the redox cycle to produce reactive oxygen species (ROS), including superoxide anion radicals (O 2 -) and hydrogen peroxide (H 2 O 2 ) [12] . The cytotoxicity induced by BaP occurs with gene mutation. In addition, the mechanism is common to cancers induced by BaP. Therefore, we tried to isolate compounds that show protective effects on BaPinduced cytotoxicity from the flower of B. ceiba, in order to find cancer inhibitors. The MeOH extract of the flowers of B. ceiba showed significant protective activity (EC 50 = 4.3 μg/mL). The EtOAc-soluble fraction showed high protective activity compared with the other fractions and its recovery rate was 23.5% at 5 μg/mL. (Table 1 ) dl-α-Tocopherol, the positive control, also exhibited protective activity (EC 50 = 8.8 μM). (Table 2 ) From the results, we speculated that the active constituents were concentrated in the EtOAc-soluble fraction. Therefore, we embarked on the isolation of compounds from the EtOAc-soluble fraction to identify the active constituents. The EtOAc-soluble fraction from B. ceiba flower was subjected to normal-and reversed-phase silica gel column chromatography and finally HPLC to furnish 16 known compounds: (S)-4-(hydroxymethyl)butyrolactone (1, 7.6 mg, 0.00037%) [13] , (S)-3-hydroxybutyrolactone (2, 11.8 mg, 0.00057%) [14] , 2-deoxy-Dribonolactone (3, 21.8 mg, 0.00105%) [15] , 3-O-methyl-L-ascorbic acid (4, 4.3 mg, 0.00021%) [16] , (-)-loliolide (5, 7.1 mg, 0.00034%) [17] , bombalin (6, 54.1 mg, 0.00261%) [18] , 5-O-pcoumaroylquinic acid methyl ester (7, 18.2 mg, 0.00088%) [19, 20] , protocatechuic acid (8, 335.4 mg, 0.01618%) [21, 22] , mangiferin (9, 5.2 mg, 0.00025%), esculetin (10, 16.0 mg, 0.00077%) [23, 24] , scopoletin (11, 23.3 mg, 0.00113%) [25] , quercetin (12, 38.1 mg, 0.00184%) [26] , quercetin 3-O-β-D-glucopyranoside (13, 80.0 mg, 0.00386%) [27] , quercetin 3-O-β-D-glucuronide 6''-methyl ester (14, 46.3 mg, 0.00224%) [28, 29] , kaempferol 3-O-β-Dglucopyranoside (15, 14.0 mg, 0.00067%) [30, 31] , and palmitic acid (16, 5.4 mg, 0.00046%). The details are described below. 100.0 ± 1.5** 0.0 ± 2.9 -13.8 ± 6.7 -6.7 ± 5.0 -9.2 ± 2.5 2 100.0 ± 8.2** 0.0 ± 3. 100.0 ± 1.7** 0.0 ± 1.9 4.1 ± 5.7 23.0 ± 9.1 20.3 ± 3.6* 6 100.0 ± 3.1** 0.0 ± 2.6 9.8 ± 2.9 6.8 ± 8.6 22.7 ± 3.3* 7 100.0 ± 9.9** 0.0 ± 5.5 -8.1 ± 3.1 13.8 ± 7. Among the constituents, (-)-loliolide (5), bombalin (6), 5-O-pcoumaroylquinic acid methyl ester (7), scopoletin (11), quercetin 3-O-β-D-glucopyranoside (13) , and kaempferol 3-O-β-Dglucopyranoside (15) significantly protected cells against the cytotoxicity induced by BaP at 10 μM. In particular, 15 showed stronger activity than dl-α-tocopherol (positive control). As 13, the glycosylated compound of 12, showed stronger activity than 12, we examined the activity of the aglycone of 15, kaempferol. As expected, kaempferol showed weaker activity than 15 (data not shown). Taking the results into consideration, it was clarified that the glucopyranosyl moiety at 3-position of flavonoids enhanced the protective activity toward the BaP-induced cytotoxicity.
In conclusion, we isolated 16 known compounds from the flower of B. ceiba and identified several constituents including kaempferol 3-O-β-D-glucopyranoside as active constituents which protect the cytotoxicity induced by BaP in HT1080 cells. In general, glycoside compounds showed weaker effects than their aglycones in several assays [32] [33] [34] . Contrary to our expectations, the glucopyranose moiety at 3-position of flavonoids was critical for the protective effect. We find this extremely interesting. Our findings suggested that the flower of B. ceiba and its active constituents would help prevent cancers induced by BaP.
Experimental

General:
The following instruments were used to obtain physical data: specific rotation, JASCO P2200 polarimeter (l = 5 cm); IR spectra, Shimadzu FTIR-8400 spectrometer; FABMS and HRFABMS, JEOL JMS-SX 102A mass spectrometer; 1 H NMR spectra, JEOL JNM-ECA-600 (600 MHz) spectrometer; 13 
